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Purpose: The purpose of this study was to assess skeletal stability after mandibular 
setback surgery with and without an inter-maxillary fixation (IMF) screw. 
Subjects and Methods: The subjects consisted of 40 patients with mandibular 
prognathism. The subjects underwent sagittal split ramus osteotomy (SSRO) with 
titanium plate fixation and were divided into two groups, one with and one without an 
IMF screw.  A lateral cephalogram was done preoperatively, immediately after surgery, 
and 1 month, 3 months and 6 months postoperatively. The two groups were then 
compared statistically. 
Results: In the comparison of the time-course change between the two groups with 
repeated measure ANOVA, there were significant differences in occlusal plane (between 
subjects, F=2.517; df=4; P=0.0437) and convexity (between subjects, F=4.048; df=4; 
P=0.0038). However, there was no significant difference in the other measurements. 
Conclusion: This study suggested that in most measurements, there was no significant 
difference between two groups with and without IMF screw in time-course skeletal 
change. However, use of IMF screw was helpful for orthognathic surgery as a rigid 




 Traditionally, inter-maxillary fixation (IMF) has been achieved with arch bars or 
interdental eyelet wiring. These techniques have some intrinsic disadvantages, so a unit 
for temporary IMF has been developed. IMF with bone screws was described as a 
technique in 1989 when it was proposed as the sole means of fracture treatment.1 Use of 
intraoral cortical bone screws for intermaxillary fixation is a valid alternative to arch 
bars in the treatment of mandibular fractures. Iatrogenic injury to dental roots is the 
most important problem of this procedure, but this can be minimized by an experienced 
surgeon.2
    Recently, mini-implants, which are small screws typically used for craniofacial 
surgery applications have been used to enhance anchorage. Clinical reports demonstrate 
the viability of using mini-screws for skeletal anchorage to support a variety of 
orthodontic tooth movement.3-7
    Sagittal split ramus osteotomy (SSRO) or intraoral vertical ramus osteotomy 
(IVRO) are frequently used for the treatment of mandibular prognathism. In these 
procedures, IMF or elastic traction is used immediately after surgery to establish ideal 
occlusion and skeletal morphology. Conventionally, surgical hooks attached to the 
orthodontic wire have been used for IMF or traction. However, in cases in which the 
setback amount or counterclockwise rotation is large, a significant extrusive load at the 
anterior teeth can occur immediately after surgery until muscle function adapts to 
postoperative mandibular morphology and occlusion. Therefore, we recently used the 
IMF screw implanted at the anterior teeth region to reduce the extrusive load of anterior 
teeth. 
     The purpose of this study was to compare skeletal stability after mandibular 
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setback surgery with and without inter-maxillary fixation (IMF) screw. 
 
Patients and Methods 
 
Patients  
The 40 Japanese adults in this study presented with jaw deformities diagnosed as 
mandibular prognathism. At the time of orthognathic surgery, the patients ranged in age 
from 15 to 45 years, with a mean age of 21.6, standard deviation 6.0 years. 
 
Surgery   
The groups were randomized to show similar distribution in preoperative SNB. Of 
the 40 patients in this study, 20 underwent bilateral SSRO for correction of their 
mandibular deformities. Other procedures were not performed. A total of 4 IMF 
screws® (2×8 mm) (Stryker Leibinger, Freiburg, Germany) were implanted between 
lateral incisors and canines at the region of anterior alveolar bone in the maxilla and 
mandible (Fig. 1). IMF screws and the main orthodontic wires were connected with 0.4 
mm wire when the IMF screw was covered by oral mucosa. After osteotomy, rigid 
fixation for the bony segments was achieved with titanium mini-plates and monocortical 
screws (4 holes/bur 8 mm interval length 0.55 mm thickness) and 4 screws (2×7 mm) 
(Würzburg titanium miniplate system, Leibinger Co., Freiburg, Germany). IMF using 
IMF screws and wire was performed from postoperative day 1 to approximately 1 week 
postoperatively. IMF immediately after the operation was removed to avoid the risk of 
airway and obstruction and aspiration by vomiting.   After this IMF period, elastic 
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traction with hooks attached to the orthodontic main wire was combined with IMF 
screws to maintain the ideal occlusion. The patients ranged in age from 15 to 35 years, 
with a mean age of 21.7 (standard deviation 5.6) years.  
The other 20 patients underwent bilateral SSRO with rigid fixation with a titanium 
mini-plate and monocortical screws used in the same manner. Other procedures were 
not performed. However, the IMF screw was not implanted and IMF was not performed. 
Elastic traction with hooks attached to the orthodontic main wire was done to maintain 
the ideal occlusion from postoperative 1 day. The patients ranged in age from 15 to 45 
years, with a mean age of 21.5 (standard deviation 6.6) years.  
All 40 patients received orthodontic treatment before and after surgery.  
  
Cephalogram assessment     Lateral cephalogram were done to assess the skeletal 
changes before operation, immediately after surgery, and 1 month, 3 months and 6 
months after surgery. Lateral cephalograms were analyzed preoperatively and 
postoperatively with the use of computer software (Cephalometric A to Z, Yasunaga 
Labo., Fukui, Japan). Measurements were shown in Fig. 2. One skilled observer 
performed all digitization so that the cephalometric method errors were small and 
acceptable in this study. Error analysis by digitization and remeasuring 10 randomly 
selected cases generated an average error less than 0.4 mm for the linear measurements 
and 0.5 degree for the angle measurements. 
 
Statistical analysis: Data were statistically analyzed with Stat View 4.5 (ABACUS 
Concepts, Inc., Berkeley, CA, USA) and Dr. SPSSII (SPSS Japan Inc., Tokyo, Japan) 
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Time-dependent changes (times×group) in cephalometric measurements were examined 
by repeated measure analysis of variance (repeated measure ANOVA). Comparisons 
between IMF group and non-IMF group in each period were performed and adjusted 




After surgery, no patient had wound infection or dehiscence, bone instability or 
non-union or long-term malocclusion. Mean setback was 6.7±3.2 mm on the right side 
and 6.4±3.2 mm on the left side in the IMF screw group, and 6.1±2.9 mm on the right 
side and 6.5±4.1 mm on the left side in the group without the screw. In the IMF screw 
group, there was no breakage or loss of the screw and iatrogenic dental injuries were not 
found. However, in 3 cases, screws implanted at maxillary alveolar bone were covered 
by oral mucosa at the time of removal (6 screws total).  . The period of use of IMF 
screws was mean 13.9 days, standard deviation 5.1 days. 
 In the comparison of the time-course change between two groups  using repeated  
ANOVA measure, there were significant differences between the two groups in occlusal 
plane (between subjects, F=2.517; df=4; P=0.0437) and convexity (between subjects, 
F=4.048; df=4; P=0.0038). However, there was no significant difference in the other 
measurements (Figs. 3 and 4, Table.1). 
In the comparison between groups in each period with t-test, there were significant 
differences after 1 month (P=0.0419) and 3 months (P=0.0469), and there were no 
significant differences in mandibular length pre-operatively, immediately after operation 
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and after 6 months. In ANS-Me, there were significant differences immediately after 
operation (P=0.0321) and at 6 months (P=0.0491), but there were no significant 
differences pre-operatively, or after 1 month and 3 months (Figs. 5 and 6, Table.1). 
There were no significant differences in the other measurements. 
 
Discussion 
 The use of the bone screw for temporary intermaxillary fixation provides many 
benefits to patients and surgeons. These benefits are: quick, easy and safe insertion; 
compatibility with any plating system; no discomfort to the patient; reduced trauma to 
the buccal mucosa; ideal for use when teeth have been heavily restored; ease of 
maintaining gingival health compared to h arch bars and eyelet wires; and easy, painless 
removal without anesthesia in the outpatient department.8 The screws can also be used 
as anchors for elastic traction.  
There are some reports that the use of intraoral cortical bone screws for 
intermaxillary fixation is a valid alternative to arch bars in the treatment of mandibular 
fractures, but objective data was not presented.1,2,4,8,9 There are also some clinical 
reports that demonstrated the viability of using a mini-screw for skeletal anchorage to 
support a variety of orthodontic tooth movements.5-8,10 However, these reports did not 
describe the usefulness of an IMF screw in orthognathic surgery.  
 In the previous studies regarding mandibular fracture, Coburn et al.4 reported that one 
hundred and twenty-two patients with mandibular fractures had IMF screws. Five 
patients (4%) developed complications including fracture of the screws on insertion, 
iatrogenic damage to teeth causing tooth loss and bony sequestra around the area of 
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screw placement. Roccia et al.2 noted that 4.9% of the screws were covered by oral 
mucosa, 1.9% were lost, and none were broken. He stated that the most important 
complication was iatrogenic damage to dental roots (1.5%). Malocclusion was observed 
in one patient (1.6%) and lack of consolidation of a displaced fracture of the mandibular 
bony.  
In this study, breakage, loss of the screw and iatrogenic dental injuries were not found. 
However, screws were covered by oral mucosa at the time of removal in 3 cases (6 
screws) implanted at maxillary alveolar bone. We wanted to use the IMF screws as rigid 
anchors so we used 0.4 mm wire to connect the IMF screw to the main orthodontic wire. 
We then used the surgical hook attached to the main orthodontic wire with the IMF 
screws indirectly in the maxilla and the mandible. Even if the IMF screw was covered 
by mucosa, the anchorage function of IMF could be used significantly.  
Screws placed in an interradicular location should not impinge on adjacent root 
structures. Published studies about mini-screws described the site of insertion as mid- 
root or at/beyond the root apex.3,5-7,10 However, regarding root injury, Asscherickx et al. 
11 stated that histological examination  of three teeth damaged by mini-implants 
demonstrated an almost complete repair of the periodontal structure (e.g. cementum, 
periodontal ligament and bone). In this study, IMF screws were implanted between a 
lateral incisor and a canine at the region of anterior alveolar bone. IMF or elastic 
traction was performed starting one day after the operation.  Postoperative facial 
swelling and a decrease in mouth opening distance occurred in all patients 
postoperatively, so it was easier to treat the screws at the anterior region rather than 
those at the posterior region. Furthermore, when the anatomical structure of the s 
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maxillary sinus and mental foramen in the mandible was considered, these regions were 
considered to be valid sites to rigidly fix the screws. The IMF screw was needed for 
immediate loading after implantation, and it could receive the horizontal force of the 
persistent opening tendency of the anterior teeth. Therefore, the region with rigid 
bicortical bone region was selected.  
Some investigators currently use a period of IMF in order to minimize relapse.12,13 
Krekmanov et al.14 reported that bicortical screw fixation without IMF is sufficient to 
counteract any relapse.  However, on the basis of our previous report,15 we used 
semi-rigid fixation with a titanium plate in this study.  We also agree that the IMF 
period should be shortened or omitted, but elastic traction was necessary to establish the 
ideal occlusion. Therefore, the IMF screw was used to prevent the anterior teeth from 
erupting as a skeletal anchor.  In fact, it was difficult to detect and compare the 
difference in the degree of eruption of anterior teeth. 
From the results of this study, it was not found that the there was significant 
differences between non-IMF screw group and the IMF screw group in most 
measurements. In mandibular length, non-IMF screw group had a change after 1 and 3 
months. This cannot be attributable to the lack of IMF screws because they were 
removed at a mean of 14 days after surgery. However, the difference in ANS-Me 
immediately after surgery suggested that anterior vertical height in the IMF screw group 
became shorter than the non- IMF screw group. The difference in the time-course 
change in occlusal plane suggested that mandibular clockwise rotation after operation 
could be achieved in IMF screw group. At least immediately after surgery, use of IMF 
might have an effect. However, it could not be found the difference clearly between two 
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groups after more than 1 month. Although, in Convexity, there was significant 
difference in time-course change, the change after 3 and 6 months seemed to be 
pronounced. This might not be the effect of IMF screw, because of after removal of IMF 
screws.  
In conclusion, this study suggested that in most measurements, there was no significant 
difference between two groups with and without IMF screw in time-course skeletal 
change. However, use of IMF screw was helpful for orthognathic surgery as a rigid 
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Figure 1.  Method of IMF screw implantation.  A)IMF screw, B) intra-oral 
photograph, C) lateral cephalogram. Arrows show IMF screws. 
Figure 2.  Lateral cephalometric analysis. 1)Occlusal angle to SN, 2)Convexity, 
3)Mandibular length, 4)ANS-Me. 
Figure 3.  Change in occlusal plane to SN. There was a significant difference in the 
time-course change between the two groups with ANOVA. 
Figure 4.  Change in the convexity. There was a significant difference in the 
time-course change between the two groups with ANOVA. 
Figure 5.  Change in mandibular length. *  indicates a significant difference at 
P<0.05 with t-test. 
Figure 6.  Change in ANS-Me. *  indicates a significant difference at P<0.05 with 
t-test. 












































































Initial Immediately after 1 month 3 months 6 months
Average SD Average SD Average SD Average SD Average SD
SNB                           83.1 4.9 80.7 4.4 80.2 3.7 80.6 4.2 80.7 3.7
Occlusal Plane - SN           18.4 6.9 16.5 6.2 16.3 4.9 15.9 4.8 15.4 5.4
Mandibular Length(Co-Gn)     129.9 6.8 126.8 6.4 125.9 6.8 126.7 5.9 127.4 6.5
Gonial angle                  133.0 7.5 129.6 7.6 130.6 6.7 132.3 8.1 132.7 7.4
Convexity                     -3.2 2.8 0.8 2.9 0.4 2.9 0.3 3.0 0.7 2.8
ANS-Menton           78.7 7.4 77.6 7.0 78.2 6.0 77.0 6.9 77.5 6.2
Interincisal Angle            124.2 10.0 131.7 8.7 126.9 7.2 125.7 7.7 126.5 7.7
Incisor Overjet               -4.1 2.5 2.9 0.9 3.3 0.9 3.3 0.8 3.2 0.8
Incisor Overbite              -0.4 2.4 0.4 0.8 0.6 0.9 0.9 0.8 0.7 1.0
Initial Immediately after 1 month 3 months 6 months
Average SD Average SD Average SD Average SD Average SD
SNB                           83.8 5.6 80.7 4.5 81.4 3.9 81.8 4.3 81.7 4.4
Occlusal Plane - SN           15.4 4.9 15.4 5.0 14.6 5.0 16.9 5.4 15.7 4.6
Mandibular Length(Co-Gn)     135.0 10.5 130.6 7.9 131.0 8.5 131.6 8.8 130.8 9.0
Gonial angle                  133.3 5.9 131.9 7.1 132.7 8.3 133.9 7.7 134.6 8.3
Convexity                     -2.8 5.2 1.6 4.0 1.1 3.8 -0.2 3.6 -0.9 4.0
ANS-Menton           81.4 6.4 82.5 7.1 81.9 6.2 81.0 6.8 81.5 6.4
Interincisal Angle            127.7 10.0 130.2 9.9 130.8 10.4 129.0 10.1 129.4 8.3
Incisor Overjet               -3.0 4.4 3.1 1.4 3.4 1.5 3.6 0.9 3.3 1.4
Incisor Overbite              0.2 4.0 1.2 1.9 1.5 1.4 1.2 2.0 1.9 1.6
IMF screw group
Non IMF screw group
Table 1.
